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Following graduation from College of Physicians and Surgeons, Columbia 
University, and a two-year internship, Dr. Earle was a resident on the Co- 
lumbia R h of the Gold Memorial Hospital in New York City. 
Thereafter he devoted his full time to New York University College of Medi- 
cine until he joined the faculty of Northwestern University Medical School 
in 1954, where he is Professor of Medicine and director of research in the 
Department of Medicine. Dr. Earle’s major research interests and publica- 
tions have been concerned with the kidneys, from the biological, bacteriologi- 
cal and functional viewpoints. 


RECENT DEVELOPMENTS in pathology, bacteriology, im- 
munology, biochemistry and physiology have contributed to ad- 
vances in our ability to diagnose, interpret and manage the various 
phases and manifestations of glomerulonephritis. But much is still 
unknown and unsatisfactory. Indeed, considerable disagreement 
exists over the definition of glomerulonephritis, and almost every 
student of the disease eventually proposes his own classification. 
Some believe that several diseases of different etiologies are in- 
cluded under this diagnosis. Others, however, feel that glomerulo- 
nephritis is a single disease which may become manifest in a variety 
of ways. 

Although the diagnosis and interpretation of an individual case 
of glomerulonephritis sometimes may be quite obvious, especially 
in the initial acute attack, more commonly the clinician has to 
weigh judiciously a number of unrelated features, each of which 
may occur in several different kidney diseases. Proteinuria, im- 
paired renal function, hypertension, edema and many other signs 
may occur at one time or another during the course of almost any 
renal disorder. Unfortunately, even the pathologist cannot always 
help. He can describe quite accurately the structural abnormalities 
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present at the time of death. However, in the terminal stages of any 
chronic renal disease, the organ’s architecture may be so distorted 
that the pathologist is unable to make an unequivocal diagnosis. gle 
Although the recently developed technique of renal biopsy may va 
lead to advances in the diagnosis of diffuse kidney disease (1, 2), gle 
sometimes the clinician still can make a more accurate diagnosis bet 
than the pathologist. The situation leads one to subscribe to the 
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Fic. 1.—Natural history of diffuse glomerulonephritis. Arrows indicate ies 
group A hemolytic streptococcus infections. Dashed line below “exacerba sp 
tion” indicates that a few exacerbations are followed by rapid progression thro: 
of renal functional impairment, perhaps analogous to the relatively un | and 
common subacute course subsequent to an initial attack of acute glomerv | of jn 
lonephritis. strep 


thoughts expressed by Osler more than 50 years ago when he com strep 
mented that there were few diseases more conducive to speculation } case. 
and violent discussions than Bright’s disease. The continuation signif 
this state of affairs arises from an interspersing of solid facts ina cepte 
background of large gaps in our knowledge. Ge 

A complete discussion of all aspects of glomerulonephritis wil {  tweer 
not be attempted here. Excellent descriptions of the pathology and ) glome 
clinical manifestations of the disease are available in a number di | no ba: 
textbooks and monographs (3-8). Rather, the author will present { ulone 
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his concepts of the natural history of glomerulonephritis. He hopes 
that practical points regarding the diagnosis and management of 
glomerulonephritis will be derived from his considerations of the 
various phases of the disease. The author’s concept of diffuse 
glomerulonephritis is shown in Figure 1. A number of similarities 
between this schema and those of other investigators (5, 7) will be 
apparent. Undoubtedly other students of the disease who will 
take exception to many of the ideas depicted here, some of 
which admittedly are based on speculation. Nevertheless, some sort 
of a conceptual scheme is necessary as a framework for the con- 
sideration of a disease as complex as glomerulonephritis. 

The abscissa of Figure 1 represents time, while the ordinate 
represents the “normality” of the kidneys. The term “normality” 
of the kidneys is used in its broadest sense. The reader should refer 
to Figure 1 for orientation purposes as the various phases of 
glomerulonephritis are considered. 


A. ACUTE DIFFUSE GLOMERULONEPHRITIS 


1. ParHocENeEs!Is.—Richard Bright, in his classic description of 
glomerulonephritis (3), recognized its association with upper re- 
spiratory infections, Based on careful studies involving frequent 
throat cultures and antistreptolysin (ASL) titers, Longcope (9) 
and Lyttle and his co-workers (10) demonstrated that the majority 
of instances of acute glomerulonephritis follow group A hemolytic 
streptococcus infections. Indeed, the demonstration of an increase 
in the ASL titer (and other streptococcal antibodies such as anti- 
streptokinase) is often of considerable diagnostic aid in difficult 
cases. In view of a rather wide normal range and the fact that a 
significant increase in ASL titer may occur within the usually ac- 
cepted normal range, serial measurements are important. 

Generally, a latent period of 10 days to four weeks is noted be- 
tween the infection and the onset of clinical symptoms of acute 
glomerulonephritis. This observation plus the demonstration that 
no bacteria are found in the kidneys of patients with acute glomer- 
ulonephritis have led a number of investigators to believe that 
acute diffuse glomerulonephritis is a manifestation of an antigen- 
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antibody reaction, somehow set off by a group A hemolytic strepto- ' 


coccus infection. 


Recently Rammelkamp and his co-workers (11) have demon- i 
strated that approximately two thirds of the group A hemolytic d 


streptococcus infections preceding acute glomerulonephritis are 


due to the type 12 organism. Many of the remaining cases are asso- _ 
ciated with types 4, 18 and 25 group A streptococcus infections. _ 
These findings have been confirmed by other investigators (12). 
Even more recently, an outbreak of acute glomerulonephritis has, 
been described (13) which was due to a specific group A hemolytic | 
streptococcus of a type previously unknown. Apparently, therefore, _ 
a limited number of group A hemolytic streptococcus strains may) 
be considered nephritogenic. Such observations suggest the possi- 
bility that toxins produced by specific strains of streptococcus 
rather than an antigen-antibody response may be related to the 
mechanism of development of acute diffuse glomerulonephritis.| 
This idea has received further support from observations by Ram- 
melkamp and co-workers (14) who studied an outbreak of type 12, 
hemolytic streptococcal infections in a military training camp. _ 
Serial urinalyses in all patients with streptococcus sore throat in this c 
study revealed a high incidence of transient proteinuria and micro-, 
scopic hematuria a few days after onset of the infection. 

However, whether such early occurrence of proteinuria and 
hematuria represents true glomerulonephritis or some other les 
specific response to infection is not yet clear. Such findings, for 
instance, are common in pneumococcus pneumonia. Furthermore, 
another line of study suggests that antigen-antibody response is an 
important factor in the development of acute glomerulonephritis 
Serum complement is reduced in acute serum sickness and in other 
antigen-antibody responses both in man and animals. More than 
25 years ago several English workers demonstrated a sharp decreas 
in serum complement in patients with acute glomerulonephritis 
By use of improved methods this has been confirmed recently by 
several other workers (15, 16), who also presented evidence that 
the decrease in serum complement is not due to its excretion in 
urine. Further, those instances of experimental glomerulonephritis 
which most closely resemble the disease seen in man have been pro 
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duced through mechanisms almost certainly dependent upon anti- 
gen-antibody responses (17, 18). 

Thus, it appears fairly safe to conclude that most cases of acute 
diffuse glomerulonephritis are related in some way to infection 
with several specific strains of group A hemolytic streptococcus. Al- 
though the author believes that available evidence favors an anti- 
gen-antibody response, the exact mechanism of production of acute 
diffuse glomerulonephritis is still unknown. It should be pointed out 
here that renal disease indistinguishable from acute diffuse glo- 
merulonephritis has been associated with infections due to organ- 
isms other than the group A hemolytic streptococcus. These include 
the pneumococcus (19) and especially Streptococcus viridans and 
other similar organisms causing subacute bacterial endocarditis 
(20). This discussion, however, is limited to a consideration of 
acute diffuse glomerulonephritis of the classic variety (type A 
nephritis of Longcope (21) ; type I of Ellis (22) ), the majority of 
cases being related to group A hemolytic streptococcus infections. 
Reasons will be given later for believing that the insidiously devel- 
oping nephritis characterized by the nephrotic syndrome (type B 
of Longcope; type II of Ellis) should be considered separately. 

2. A DIGRESSION ON BIOLOGICAL DIFFERENCES BETWEEN ACUTE 
GLOMERULONEPHRITIS AND RHEUMATIC FEVER.—Rheumatic fever 
is also quite generally accepted to be related to group A hemolytic 
streptococcus infections. However, a surprising number of biolog- 
ical differences between the diseases have been described (23). 
These and several others (12, 15, 24, 25) more recently described 
are listed in Table 1. Curiously, the incidence of glomerulonephritis 
in rheumatic fever subjects is no greater than in the general popu- 
lation. For this reason, the development of urinary abnormalities 
and other evidences of renal disease in rheumatic fever patients 
should alert the attending physician to the possibility of subacute 
bacterial endocarditis, which is so commonly associated with renal 
complications. Such biological considerations suggest that host 
differences as well as the characteristics of the infecting hemolytic 
streptococcus are of considerable importance in the mechanisms 
of development of these diseases. 


3. CLINICAL CONSIDERATIONS.—Although acute glomerulone- 
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phritis is most common in childhood, it can occur at any age. The 
author has seen initial attacks of acute glomerulonephritis in pa- 
tients past 60. The disease is twice as common among males as 
among females. Acute glomerulonephritis can be of any degree of 


TABLE 1.—Bro.ocica, DirFERENCES BETWEEN GLOMERULONEPHRITIS 


AND RHEUMATIC FEVER 


Brovocica, Feature Gu ‘HRITIS Ruevumatic Fever 
Geographical distribution Uniform Most common in 
northern latitudes 
Age Any age Rare in infancy 
Familial factors Family contacts Familial tendency 
Sex incidence Males predominate Equal 
2:1 
Second attacks Rare Common 
Character of preceding in- “Deep” “Superficial” phar 
fection yngitis 
Av. latent period between 10 days 18 days 
infection and Ist attack 
Latent period between in- Shortenedascompared Same as latent pe! ed 
fection and 2d attack to latent period in riod in Ist attack fas 
Ist attack 
Relation of degree of ASL _No relation Incidence of attack: | dia 
increase to incidence of proportional to | the 
attacks ASL increase acl 
Time of ASL increase in After Before the 
relation to onset of re- th 
lapse 
Serum complement Decreased Increased ext 
Type of initiating groupA 4, 12, 18, 25 and un- = Any type trib 
hemolytic streptococcus typed (12 predomi- tier 
nates) emi 
not 


severity. Some instances are so mild that the patient has no idea} ™! 
that he is ill at all and, therefore, is not seen by a physician. Anum- | lig 
ber of cases have been picked up during epidemics of hemolytic | 4 
streptococcus infections in various institutions, on nose and throat 
services, etc., when daily observations on urine and blood pressure f ™ b 
were made. Such mild instances of acute glomerulonephritis, never }) ™ 
noticed by the patient, may fail to heal. Many years later the de- deat 
velopment of uremic symptoms may be the first clue that the pa- 4. 
tient has been suffering from chronic glomerulonephritis. Routine | tion: 
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urinalyses, however, may have already revealed proteinuria. Al- 
though several instances of acute glomerulonephritis without 
changes in the urine have been described in the literature, and oc- 
casionally hypertension and edema may occur several days before 


urinary abnormalities develop, the author believes that the diag- 


nosis of glomerulonephritis cannot be definite in the absence of 


roteinuria. Proteinuria is accepted by most authorities as being 
evidence of glomerular damage. Indeed, it is a more sensitive indi- 
cator of glomerular dysfunction than is a decrease in the glomerular 
filtration rate. Microscopic hematuria is common, and sometimes 
the urine is grossly bloody or smoky, although the latter are not 
necessary for the diagnosis. All types of casts may be found in the 
urine. Red blood cell casts are almost diagnostic. The presence of 
many leukocytes in the urine may confuse the diagnosis, but they 
do not occur in clumps as they do in pyelonephritis, nor is signifi- 
cant bacteriuria a feature. 

Many but not all patients with acute nephritis also have oliguria, 
edema, headaches and hypertension. Some impairment of renal 
function is also common in most of the cases of acute nephritis 
diagnosed on clinical grounds. In a small percentage of instances 
the symptoms may be extremely severe, characterized by head- 
aches, convulsions, pulmonary edema and signs of congestion of 
the circulation. Anorexia, nausea and vomiting are common in 
the severe cases. Anuria may also occur and uremia may become 
extreme. Retention of anions (inorganic phosphate, sulfate) con- 
tributes to the acidosis common in moderately and severely ill pa- 
tients whose renal function is significantly reduced.. Hyperchlor- 
emia is common, even in mildly ill patients. The reason for this is 
not clear. Electrolyte abnormalities, particularly hyperkalemia, 
may represent a serious clinical problem in the anuric or severely 
oliguric patients. Although less than 5 per cent of the patients with 
acute glomerulonephritis die, the attending physician must con- 
stantly be on the alert for the development of excessive increases 
in blood pressure, which often presage convulsions, and for pul- 
monary edema. The latter is probably the most common cause of 
death in acute glomerulonephritis. 


4, RENAL FUNCTION.—Measurements of discrete renal func- 
tions by the clearance techniques reveal a characteristic pattern of 
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dysfunction (26, 27) which reflects the anatomical changes of 
acute glomerulonephritis. The anatomical changes commonly con- 
sist of increased cellularity of the tuft (endothelial proliferation, 
fibrin ii : space, infiltration by 
leukocytes) and fragmentation of the basement membrane. If the 
basement membrane is severely damaged, hyaline masses may form. 
The arterioles and the renal tubules are probably relatively little 
affected at this stage, except in severe cases in which some tubules 
may be obstructed by casts or damaged by severe anoxia secondary 
to reduced renal blood flow. Any consideration of renal function in 
disease should be made in the light of anatomical alterations in the 
nephrons, especially as revealed by Oliver’s classic work (4) on 
dissections of nephrons in disease. The interested reader is referred | __ 
particularly to Oliver’s delightful essay “When is the Kidney not a 
Kidney?” (28). 

As would be expected from the pathology, the glomerular fil- - 
tration rate is reduce ther renal function. Renal 
blood flow may also be reduced in severely ill patients but fre- | Ren 
quently is in the normal range and sometimes may be even greater int 
than normal. This is in contrast to the finding of “bloodless” glo-; —( 
meruli which is so frequently stressed by pathologists who see only | Ma» 
fatal cases. Typically, therefore, the filtration fraction (ratio of a 

lomerular filtration 16. renal plasma flow) is reduced in acute GF 
glomerular nephritis. This represents a greater barrier to glomeru- |p 
lar filtration than to the passage of blood through the glomerular | — 
tuft. Function of the proximal renal tubules, as measured by the 
maximum excretory capacity for p-aminohippuric acid (Tmp,y) } add 
or maximum reabsorptive capacity for glucose (Tmgiucose), also} cont 
may be reduced. However, in the milder forms of the disease, f fail 
ratios of renal blood flow to Tm that are greater than normal indi- } wher 
cate relative renal hyperemia. Concentrating ability of the kidneys} acut 
is generally not impaired during the first several days of the initial circ 
acute attack. Thereafter, however, the specific gravity becomes | infre 
fixed at or near 1.010 for weeks or months in most cases. man 

These characteristic renal functional disturbances persist despite peu 
circumstances that are ordinarily associated with quite different | con 
patterns of dysfunction. Both congestive heart failure and essential | ¢ffec 
or malignant hypertension are ordinarily associated with greater | their 
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- of | reductions of renal plasma flow than of filtration rate, and hence 
on-| are characterized by an increased filtration fraction. However, 
ion, | when acute nephritis is complicated by hypertension or congestive 
by heart failure, or both, the filtration fraction remains decreased or 
the | at least within the normal range (27). 


“mn. These precise measures of specific renal functions can be of 
‘ttle | considerable diagnostic assistance. Hypertensive arteriolar nephro- 
ules | sclerosis sometimes may exhibit urinary findings similar to those of 
acute glomerulonephritis. When the hypertensive patient has, in 


lary 

TABLE 2.—Typicat RENAL FuncTION ALTERATIONS IN ACUTE 

the GLOMERULONEPHRITIS, HYPERTENSIVE DISEASE AND 

on ConcestTive Heart FAILurE 

rred 

ot a AcuTE ConcEstTIve 

GLOMERULONEPHRITIS HyYPERTENSION Heart Farure 

Glomerular filtration Decreased Normal or Decreased 

rate (GFR) -slightly 

enal decreased 

fre-| Renal plasma flow _— Increased, normal Decreased Greatly decreased 

(RPF) or decreased 

Filtration fraction Decreased Increased Greatly increased 

glo-} §(GRF/RPF) 

only | Max. excretory Decreased Decreased Normal or de- 

io of capacity for PAH creased 

(Tmpaz) 

cute GFR/Tmpsn Decreased Increased Decreased 

1eru- RPF/Tmpan Increased Decreased Decreased 

rular 

y the 


iran) ) addition, congestive heart failure, the clinical picture easily may be 
, also | confused with that of acute nephritis. At times, congestive heart 
sease, | failure itself also may be confused with acute nephritis, especially 
indi- } when the heart failure is associated with heavy proteinuria. Further, 
dneys } acute nephritis may sometimes be the cause of congestion of the 
nitial | circulation and occasionally of congestive heart failure (vide 
somes | infra). The clinical picture may be so dominated by the circulatory 
manifestations that its renal origin is overlooked. Although pyelo- 
espite neporitis is rarcly_associated with edema, it too at times may be 
ferent {| confused on clinical grounds with glomerulonephritis. Typical 
ential § effects of two of these conditions on several renal functions and 
reater | their inter-relations are compared to those of acute glomerulo- 
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nephritis in Table 2. Such differentiations are not always possible, 
especially when renal failure is advanced. Further diagnostic assist- 
ance may be obtained from the ASL titer and serum complement 
level, which are characteristically altered in acute nephritis (pp. 
5 ff.). 

Although routine clinical use of the specific measures of discrete 
renal functions is not yet feasible, some of the simpler measures of 
renal function are of considerable value, especially if interpreted 
in light of their relations to the more specific measurements (29). 
The urea and creatinine clearances, for instance, are more a reflec- 
tion of glomerular filtration rate than of any other renal functions. 
The urea clearance, however, is less than the filtration rate by vir- 
tue of passive back-diffusion of some of the filtered urea across the 
tubules. The urea clearance, furthermore, varies directly with the 
urine flow. Some creatinine is excreted by the renal tubules of man, 
and hence its clearance is greater than glomerular filtration rate. 

Likewise, phenolsulfonthlein (PSP) excretion, as the test is ordi- 
narily performed, is a crude measure of renal plasma flow. This 
stems from the fact that PSP is removed so rapidly by the renal 
tubules from the blood flowing through the kidneys that its excre- 
tion rate in the normal subject is dependent upon its rate of de- 
livery to the kidneys. However, as renal disease advances and the 
ability of the renal tubule cells to extract PSP becomes impaired, 
its excretion rate becomes more a reflection of decreased tubular 
function than of renal blood flow. At what stage of renal tubule 
functional impairment PSP excretion becomes more a reflection of 
tubular function than of renal blood flow is not certain. The divid- 
ing line is probably somewhere in the neighborhood of one third 
to one quarter of normal renal function (as measured by tubular 
excretory capacity). 

5. Ep—ema.—Edema is one of the common manifestations of 
acute glomerulonephritis, Considerable disagreement exists as to 
its pathogenesis. Apparently, most investigators (6, 8, 30) believe 
that edema in acute glomerulonephritis is mostly the result of con- 
gestive heart failure. This conclusion usually is based on the belief 
that acute hypertension can lead to myocardial insufficiency ‘ot 
that myocardial damage can be produced by acute glomerulo- 
nephritis. Either one or both of these mechanisms are then assumed 
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to be the basis for the apparent manifestations of congestive heart 
failure. Those observers who subscribe to the thought that conges- 
tive heart failure is common in acute glomerulonephritis point to 
the facts that the heart may be enlarged, that pulmonary edema is 
not uncommon and that in the moderately severe to severely ill 
patient venous pressure may be increased and the liver may be 
palpable. However, several potent arguments may be summoned 
against this thesis. Cardiac output, for instance, is rarely decreased 
and may, indeed, be increased above normal (31). Although 
venous pressure frequently may be elevated, circulation time is 
normal or rapid. Such findings are not compatible with ordinary 
low cardiac output congestive heart failure. Rather, these mani- 
festations may be the result of congestion of the circulation due to 
salt and water retention in the presence of a normal heart, some- 
what similar to the situation in a patient with acute renal failure 
due to carbon tetrachloride poisoning who has been given exces- 
sive amounts of fluid. Another line of evidence which suggests a 
mechanism for edema formation other than congestive heart fail- 
ure is furnished by the recent studies of Farber and Soberman 
(32). These workers find that more sodium in relation to total 
body water is retained by patients with congestive heart failure 
than by patients with edema due to glomerulonephritis. 

Other observers believe that generalized capillary damage may 
account for the edema in most instances of acute nephritis. This 
belief has been based chiefly on the localization of edema around 
the face and eyes, on the occurrence of edema and hypertension 
prior to or even without urinary abnormalities and on the older 
observations that the edema fluid of acute glomerulonephritis con- 
tains relatively large amounts of protein. However, obvious accu- 
mulation of edema in the tissues of the face and elsewhere is not 
surprising in patients with fluid retention who are confined to bed 
and who do not have local or general elevation of venous pressure. 
Observations in 1944 (33) on the edema fluid of acute nephritis 
indicate that it has the low protein content characteristic of transu- 
dates rather than the high protein content of fluids characteristic 
of inflammatory reactions or of generalized capillary damage. 
Extensive generalized capillary damage should lead to considerable 
loss of protein and fluid from the vascular system. This should re- 
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sult in an increase in the hematocrit. The usual observation in 
acute nephritis, however, is a decrease in hematocrit and a subse- 
quent return to normal following diuresis. These findings could be 
explained more easily on the basis of congestion of the circulation 
secondary to fluid retention than they could on the basis of gener- 
alized capillary damage. 

The author, therefore, feels that considerable emphasis should 


be placed upon a renal mechanism for fluid and salt retentjon in | 


acute nephritis. The observed reduction of filtration rate may well 
play some role in the pathogenesis of nephritic edema. This is 
especially likely in patients whose filtration rate is rapidly and sud- 
denly reduced. However, patients have been noted to have massive 
edema even though the glomerular filtration rate was within the 
normal range (27). Furthermore, the urea clearance in acute 
glomerulonephritis is not infrequently reduced out of proportion 
to the filtration rate and out of proportion to the degree of oliguria 
(27). Since reabsorption of urea by the renal tubules appears to 
represent passive diffusion, a possible explanation for the low urea/ 
inulin clearance ratio in most instances of acute glomerulonephritis 
could be renal epithelial cell damage. In any case, data have been 
accumulated to indicate that diuresis during recovery from an 
episode of acute nephritis can take place without any increase at 
all in glomerular filtration rate or renal blood flow (27). At the 
same time, urea clearance frequently increases, but this increase is 
not entirely dependent upon the rate of urine flow. Whether such 
changes are due to damage and restoration thereafter of the renal 
epithelial cells, are the result of changes in the renal interstitial 
tissue or are due to other unknown factors, is not certain. 


B. OUTCOME OF ACUTE GLOMERULONEPHRITIS 


Because of the difficulty or impossibility of diagnosing all mild 
cases of acute nephritis and because of differences in opinions, 
definitions and criteria, it is not possible to arrive at a precise esti- 
mate of the prognosis of acute glomerulonephritis. Nevertheless, it 
is the consensus of the majority of competent students of the dis 
ease that at least 85 per cent and perhaps even more of patients 
with acute glomerulonephritis will recover completely. Failure to 
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distinguish between the exacerbation in chronic glomerulonephritis 
and the initial acute attack probably accounts for the belief that 
acute nephritis in adults is quite likely to become chronic. 


Excluding the minority who die in the initial acute attack or 
who go on to the progressive subacute form of the disease, patients 
will show marked improvement in all signs and symptoms and in 
renal function. Proteinuria, however, may continue for weeks or 
months. At present, there are no means to differentiate between 
those patients whose nephritis eventually will heal and those who 
will progress into chronic nephritis. Two years may be required for 
the proteinuria to clear up. Some degree of microscopic hematuria 
and impaired ability to concentrate the urine may persist for six to 
12 months after the disappearance of proteinuria and yet be com- 
patible with healing. Persistent proteinuria one or two years after 
the initial acute episode, however, generally means that the patient 
has gone into the latent phase of chronic glomerulonephritis. Serial 
observation at monthly intervals for proteinuria, therefore, is essen- 
tial in the follow-up period. Care must be taken to restrict fluids for 
12 hours before collecting the urine for analysis, since even a mod- 
erate diuresis may obscure minimal but significant proteinuria. 
Proteinuria generally disappears within three to six months in pa- 
tients in whom the nephritis heals. Nevertheless, a few patients may 
have proteinuria for as long as two years and still have the lesion 
heal. The wise clinician, therefore, will not make the gloomy diag- 
nosis of chronic glomerulonephritis hastily. 

The factors concerned with the outcome of a given attack of 
acute glomerulonephritis are not known. However, no evidence 
exists that the outcome is necessarily related to the persistence or 
absence of the offending group A hemolytic streptococcus. For in- 
stance, a number of patients have been observed in whom acute 
nephritis healed completely despite the persistence of group A 
hemolytic streptococci in throat cultures, or even despite chronic 
infection due to this organism. Conversely, other patients have 
been observed to go into the subacute or latent phases of chronic 
glomerulonephritis with no further evidence whatever of persist- 
ence of group A hemolytic streptococcus infection. Nor does the 
outcome appear to be related to the severity of the initial attack. 
Many observers have noted that the most severe uremic manifesta- 
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tions in acute nephritis are compatible with complete healing. 
Other investigators have commented on the fact that patients with 
the greatest hematuria are often those with the most benign course 
and with the most rapid recovery. Conversely, the acute episode 
may be so mild as to escape the patient’s attention and yet fail to 
heal, leading to uremia later in life. Hence, renal function studies 
during the early stages of acute nephritis have been of little or no 


assistance in arriving at an accurate prognosis. They are useful,) 


however, in following the trend of the disease and can help to dis. 
close those patients who are going into the subacute phase. 


C. HEALED ACUTE GLOMERULONEPHRITIS 


A patient whose nephritis has healed is in a very strategic posi- 
tion. Second attacks of this disease are extremely uncommon. The 
author has seen only one case. Loeb and her colleagues (34) fol- 
lowed a number of patients with healed acute nephritis through 
subsequent, proved group A hemolytic streptococcus infections. 
Although a few of them had mild and transient proteinuria and 
hematuria, none developed other evidence of second attacks of 
acute glomerulonephritis. The reason for the infrequency of second 
attacks of nephritis, in contrast to second attacks of rheumatic 
fever, is not exactly clear. However, the existence of only a few 
nephritogenic strains of group A hemolytic streptococci may be the 
explanation. A fairly solid immunity to subsequent reinfection with 
a particular strain of streptococcus would further reduce the 
chances of a second attack of acute glomerulonephritis. Thus, a 
distinct possibility exists that the infrequency of second attacks of 
this disease results from the statistical unlikelihood of a given 
patient becoming infected with a second rare nephritogenic strain 
of hemolytic streptococcus. 


D. SUBACUTE GLOMERULONEPHRITIS 


Of the patients who survive the acute attack of glomerulonephr: 
tis, less than 2 per cent will develop a rapidly progressive diseas 
and die within three to 12 months. Simply on the basis of duration, 
these patients are said to have subacute glomerulonephritis. Th 
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histological picture in such patients frequently, but not always, is 
characterized by many crescents in the glomerular tufts. Unfortu- 
nately, crescents also may be found in patients who die after a 
more prolonged disease that hardly could be classified subacute. 
Although hypertension, edema and other symptoms in patients 
with subacute nephritis sometimes clear quite rapidly after the 
acute episode, renal function undergoes a rapid and progressive 
impairment. These patients usually die within eight to 12 months. 
During the course of the disease, elements of the nephrotic syn- 
drome may appear. In others, progressive hypertensive cardiovas- 
cular disease with convulsions and congestive heart failure may 
develop rather suddenly. Again, the reasons why a few patients 
develop this subacute course are not clear. 


E. CHRONIC GLOMERULONEPHRITIS 


1. LATENT PHASE.—Since the latent phase may be characterized 
only by proteinuria, several years may pass before a diagnosis of 


chronic glomerulonephritis can be made with assurance. Once per- 
sistent proteinuria has established the diagnosis of chronic ela 


merulonephritis, an accurate prognosis is still difficult in view of 
great variability in the rate of progression of the disease. 

Except for the proteinuria, no evidence of renal disease may be 
detectable in most patients on the basis of simple clinical evalua- 
tion. Throughout the early course of chronic glomerulonephritis, 
hypertension is uncommon and clinical measures of renal function, 
such as PSP excretion, urea clearance and concentrating ability, 
may be normal or only slightly reduced. However, precise measure- 
ments of renal function may disclose definite evidence of functional 
impairment (26). The usual pattern of dysfunction seen in this 
stage is a greater reduction of filtration rate than of blood flow and, 
therefore, a decreased filtration fraction. Tubular function, as re- 
flected by Tmpan Or Tmgiycose, also may be reduced in the latent 
phase of chronic glomerulonephritis. However, these functions are 
less affected than is filtration rate, as indicated by relatively low 
filtration rate to Tm ratios. 

The latent stage may persist for several years or as long as 30 
years. Sooner or later, however, the course is gradually downhill, 
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with progressive impairment of renal function. Even in the pres- 
ence of moderately advanced renal failure and nitrogen retention, 
the patient may feel quite well and be able to carry on his ordinary 
daily affairs until uremia and some of its complications such as 


anemia, acidosis and heart failure develop. 
2. EXACERBATION.—Seegal and his colleagues (35) have defined 


arbitrarily the exacerbation in chronic glomerulonephritis as an 
abrupt and marked increase in the degree of hematuria. They 
pointed out that slight variations in the urinary excretion of eryth- 
rocytes do not necessarily signify an exacerbation. Most instances 
of exacerbation are associated with the other manifestations ordi- 
narily found in the initial acute attack of glomerulonephritis, such 
as transient hypertension, edema and decrease in renal functions. 
Proteinuria and cylindruria also usually increase but cannot always 
be used as criteria for an exacerbation since the values may already 
be high. 


All patients with chronic glomerulonephritis do not have ex- 
acerbations. For instance, in one study (24) , 33 exacerbations were 
observed in 15 of 81 patients studied over periods ranging from 
four months to eight years. Each exacerbation was preceded by an 
upper respiratory tract infection, the majority of which were shown 
to be associated with group A hemolytic streptococci. No informa- 
tion is available as to whether or not exacerbations in chronic 
glomerulonephritis are associated with infections due to the known 
nephritogenic strains of the hemolytic streptococcus. Since a single 
infection with a particular strain probably yields lasting immunity, 
it is a little difficult to understand how a single patient could 
undergo three or more exacerbations in chronic glomerulonephritis 
all due to the same strain of streptococcus. Perhaps in some un- 
known way a patient with chronic glomerulonephritis can respond 
to infection due to any strain of group A hemolytic streptococcus 
with a clinical syndrome similar to acute glomerulonephritis. 


The exacerbation is generally associated with a considerable de- 
crease in renal function. It generally soon returns to the level ob- 
served before the exacerbation, although this level usually has been 
somewhat below normal (Fig. 1). In view of such observations, and 
since all individuals with chronic glomerulonephritis do not have 
exacerbations, the author agrees with Seegal (35) that exacerba- 
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tions appear to contribute little if anything to the progression of 
the disease. Rather, the exacerbations appear to be episodes in the 
course of chronic glomerulonephritis. In a few instances, however, 
an exacerbation has appeared to cause a rapid progression in the 
underlying renal disease, as shown by the dashed line in Figure 1. 
This may be comparable to the subacute phase following the initial 
acute attack. 

Sometimes, if the patient’s history is unknown, it may be difficult 
to distinguish between the initial acute episode of glomerulonephri- 
tis and the exacerbation of chronic nephritis, since they can be 
quite similar. One useful differential point is the short latent period 
between the onset of the preceding infection and the onset of the 
exacerbation. This is only a day or so, in contrast to the usual 
seven to 28 day latent period between the infection and the initial 
acute episode of glomerulonephritis. Of course, if the patient’s 
nephritis heals, one can distinguish in retrospect between the two, 
for chronic glomerulonephritis rarely if ever heals. The author 
agrees with Seegal and his colleagues in their concept that the 
exacerbation in chronic glomerulonephritis represents more or less 
a clinical replica of the initial attack. 


The development of the nephrotic phase or a rather abrupt in- 
crease in the tempo in renal functional deterioration does not 
necessarily represent a true exacerbation in chronic glomerulo- 
nephritis. These two features rarely if ever can be shown to be 
associated with hemolytic streptococcus infections, and hence are 
different from both the initial acute episode and the exacerbation 
as defined earlier. They are, however, of considerable practical and 
academic importance and may indeed represent some type of ac- 
tivity in the renal process, even though it is not similar to the initi- 
ating episode. 

3. NEPHROTIC PHASE.—The nephrotic syndrome may be defined 
as massive edema, heavy proteinuria, hypoalbuminemia and hyper- 
cholesteremia. Bloom and Seegal (36) found evidence of this syn- 
drome in approximately half of 50 patients at one time or another 
during the course of chronic glomerulongphritis. This syndrome 


also may occur in other diseases such as’ syphilis of the kidneys, 


d\sseminated Iupus eryihematosusprenal amyloidosis,"Kimmelstiel- 
Wilson syndrome, renal vein thrombosis, following the administra- 
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tion of certain drugs such as Dilantin, and in true lipoid nephrosis. 
Of diagnostic value is the fact that the nephrotic syndrome tarely 
if ever is associated with primary hypertensive renal disease, arterio- 
sclerotic renal disease or pyelonephritis. 

Although the nephrotic phase ordinarily develops after several 
years of latent chronic glomerulonephritis, elements of it also can 
occur in the subacute phase, and in several instances has been 
observed to develop within a few weeks of the onset of acute glom- 
erulonephritis (37, Case 1). The latter, however, is very uncom- 
mon. When the nephrotic phase develops in chronic nephritis, it 
generally occurs at a time when renal function has not been greatly 


impaired and when hypertension has not yet developed. The 


nephrotic syndrome may last for several months or several years. 
During the course of a nephrotic syndrome, renal function usually 
undergoes a progressive decrease. Hypertension and uremia may 
ae toward the end of the nephrotic stage. a when 

ecrease_in_glome j te_is h, the 


amounts. As_a consequence of thjs, the_serum albumin level in- 
creases_and the nephrotic syndrome disappears. If not already 
present, hypertension and uremia develop at this time or soon 
thereafter because of the advancing renal failure. 


Although almost all workers agree that the nephrotic syndrome 
can occur during the course of chronic glomerulonephritis which 
followed acute nephritis due to group A hemolytic streptococcus 
infections, several students of the disease believe that the nephrotic 
phase of chronic glomerulonephritis frequently represents an en- 
tirely different disease, or at least a disease of different etiology. 
This belief is based in part on the infrequency of bacteriological or 
immunological evidence of group A hemolytic streptococcus in- 
fections preceding the development of the nephrotic syndrome. 
Indeed, evidence of any type of infection may be lacking. Many 
patients do not exhibit the hematuria and hypertension so common 
in classic acute glomerulonephritis. This situation has been desig- 
nated type B nephritis by Longcope (21) and type II nephritis by 
Ellis (22), in contrast to type A and type I, which represent to 
these authors ordinary acute hemorrhagic glomerulonephritis. 

The common denominator for all instances of the nephrotic 
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syndrome is the loss in the urine of large amounts of protein, mostly 
albumin but also other protein fractions, including gamma globu- 
lin. Loss of gamma globulin, which contains antibodies, probably 
accounts for the increased susceptibility of the nephrotic patient to 
bacterial infections. Most investigators agree that loss of serum 
proteins into the urine is the result of glomerular damage. The 
author believes, therefore, that the nephrotic syndrome represents 
more or less an anatomical accident that can occur in a number of 
renal diseases and that no particular need exists for interpreting 
the development of the nephrotic syndrome in chronic glomerulo- 
nephritis as “renal activity,” at least of the type of activity present 
in the initial acute attack or exacerbation. Nevertheless, other stu- 
dents of the disease believe that the development of the nephrotic 
syndrome represents a manifestation of an antigen-antibody reac- 
tion (38). This is based on experimental work in animals and on 
the observation that serum complement may decrease in the ne- 
phrotic syndrome, especially in children (16). Decreased serum 
complement in the nephrotic phase, however, may be an artefact. 
Although some instances of the nephrotic phase in chronic glomer- 
ulonephritis may result from an antigen-antibody reaction, the 
author believes that many instances simply represent a stage in the 
progressive glomerular damage characteristic of glomerulone- 
phritis. 

4. TERMINAL GLOMERULONEPHRITIS.—As chronic glomerulo- 
nephritis progresses to the terminal stage, the patient becomes list- 
less, weak and pale. Anemia usually does not become marked until 
nitrogen retention is well established and for the most part appears 
to be the result of suppression of the bone marrow. A hemolytic 
process, however, may also play some role. 


At this stage, tubular function may undergo a relatively more 
rapid impairment than the glomerular filtration rate. This is indi- 
cated by increasing loss of PSP excretory function and of concen- 
trating ability, and by increasing filtration rate to Tm ratios. Thus, 
as the disease progresses the symptoms of renal insufficiency may 
become more manifest because of a general distortion of the normal 
relationships of the component parts of some or all of the nephrons, 
as a result of loss of nephrons, or because of a combination of both. 


The absolute loss of renal functional tissue is responsible for the 
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reduced ability of the kidneys to form ammonia and hence to com- f b 
bat acidosis and also contributes to the retention of inorganic and | f 
organic materials that may lead to acidosis and other manifesta- | a 
tions of the disease. The distortion between the glomerular and} tl 
tubular functions, moreover, may be important in determining the | e 
particular type of water and electrolyte abnormalities present in| 0 
chronic renal failure. Thus, glomerular damage out of proportion | v 
to the impairment of tubular function predisposes to the retention 
of water and electrolytes. This might be the situation in acute epi- | n 
sodes either in the initial attack or in the exacerbation. The oppo- | o 
site combination, however, could contribute to the demineraliza- | v 
tion or loss of electrolytes and fluid sometimes seen in the later h 
course of the disease. Although changes of Tmpay or TMgiucose do} 


not reflect directly what happens to electrolyte excretion, a reversal | ! 
in the filtration rate to Tm ratio quite frequently occurs in patients | ° 
with chronic nephritis just about the time the nephrotic syndrome 


disappears. This transition heralds the onset of the terminal phase 
of the disease, which may be characterized by water and salt deple- 
tion. Furthermore, it might be calculated that a small percentage 
of nephrons continuously diuretic because of impairment in elec- 
trolyte absorption could result in urine of low specific gravity. } , 
Impaired ability to concentrate, therefore, is not necessarily af 
measurement of any specific renal function. This mechanism could f , 
also, perhaps, explain the long persistence of impaired concentrat- } ¢ 
ing power frequently noted after acute diffuse glomerulonephritis J | 
has healed. ] 

The fact that marked reduction of filtration rate should lead to fi 
retention of most substances filtered emphasizes the importance of f 
the concept of alterations in renal tubular function. Such factors f \ 
are undoubtedly important in arriving at the explanation of the | t 
rather varied changes observed in electrolytes in the terminal } | 
stages of nephritis. Although marked impairment of renal function } 
ordinarily leads one to suspect that a patient may be threatened | | 
with hyperkalemia, hypokalemia is, in fact, more common in the f 
terminal phases of chronic renal disease. Despite marked impair. | 
ment of glomerular filtration rate, excessive amounts of potassium } | 
may be lost in the urine. Salt-losing nephritis is not common but, f 
again, probably could be explained by a glomerular-tubular im- 4 | 
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to com-| balance. Inability of the kidneys to excrete hy n ion and to 
nic and | form ammonia, however, can also playa role in the situations char- 
anifesta- | acterized by loss of base. Compensatory hypertrophy of the para- 
ilar and} thyroids may lead to hypocalcemia. Tetany may or may not be 
ning the | evident, depending upon the degree of associated acidosis and 
esent in| other electrolyte abnormalities. Finally, anorexia and especially 
)portion | vomiting can further complicate the fluid and electrolyte pattern. 
etention| © The course of events in the terminal phases of chronic glomerulo- 
ute epi- | nephritis is extremely variable and depends upon the combination 
ie oppo- | of electrolyte changes due to renal functional impairment, the de- 
\eraliza- | velopment of hypertension, the presence or absence of congestive 
he later| heart failure and the degree of anemia. Another important con- 
ucose do | sideration is the presence or absence of various other complications. 
reversal | Infections, anorexia, nausea and vomiting can lead to very serious 
consequences. Alternating lethargy and agitation or mental confu- 


atients 
eal sion, convulsions, uremic colitis and pericarditis are ominous mani- 
11 phase festations. 
t deple- 
centage F. HYPERTENSION IN GLOMERULONEPHRITIS 
in elec. Hypertension may occur in several different phases of glomerulo- 


gravity. } nephritis. It is quite common during the acute attack and even 


sarily a) may occur before proteinuria and hematuria are evident. Gener- 
n could § ally, but not always, hypertension disappears about the same time 
entrat- — the edema recedes. The exact mechanism of the production of 
ephritis } hypertension in the acute phase of glomerulonephritis is not known. 
Perhaps it is renal in origin and due to the production or lack of 
lead to | inactivation of some humoral agent. Several workers (39) have 
ance of | demonstrated the presence of renin in the renal vein of patients 
factors | with acute glomerulonephritis. Another probable factor is conges- 
of the | tion of the circulation, which sometimes may be relieved by phle- 
*rminal | botomy. Transient hypertension of similar characteristics may also 
inction } occur in the exacerbation of chronic glomerulonephritis. Hyper- 
“atened [| tension, however, is_relatively uncommon in the latent phase of fe 
in the | chronic glomerulonephritis. Even patients in the subacute acceler- he 
impair- | ated phase of renal deterioration may be normotensive for several igs 
tassium | months. The presence or absence of hypertension is not strictly £ 
on but, — related to the amount of residual functioning renal mass in early 
lar im- or moderately advanced chronic glomerulonephritis. The incidence 
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of hypertension, however, increases as renal function falls below 
30 per cent of normal (26). 


G. TREATMENT 


The treatment of glomerulonephritis for the most part consists 
of management of individual manifestations and symptoms as they _ 
arise. These will be discussed more or less in the order of their E 
appearance. 


1. Group A Hemo ytic Streptococcus INFECTIONS 


In view of the close association between acute glomerulonephni- _ 
tis and hemolytic streptococcus infections, prophylactic regimens of 
sulfonamides or penicillin should be as effective as they have | 
proved to be in preventing acute rheumatic fever. Since the inci- _ 
dence of overt acute glomerulonephritis is relatively low and since 
the healing rate is high, a general prophylactic program directed | 
toward this disease seems impractical. However, if an outbreak of | 
streptococcus infections is shown to be due to a nephritogenic | . 
strain, or if a case of acute glomerulonephritis occurs in an institu- | 
tion such as a school, camp or asylum, or in a family group, pro- 
phylactic administration to exposed individuals of 100,000-—200,000 
units of penicillin orally three times daily for several weeks would 
appear to be a rational measure. If preferred, repository penicillin 
can be used (600,000 units benzathine penicillin intramuscularly, 
repeated 12-14 days later). Once manifestations of acute glomer- 
ulonephritis have developed, penicillin therapy is unlikely to affect 
the course of the disease or its prognosis. Nevertheless, penicillin 
treatment directed toward the infection is entirely reasonable. 
Such therapy should be of value not only in preventing complica- 
tions, since the patient still may have active infection, but also in 
eradicating a nephritogenic organism which is a potential hazard 
to others. Further, despite suggestive evidence to the contrary, the 
possibility remains that prolonged existence of the streptococcus in 
the patient’s tissue may contribute to the development of chronic 
glomerulonephritis. Unlike rheumatic fever, there appears to be 
no cogent reason for placing patients with chronic glomerulone- 
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s below phritis on prolonged prophylactic penicillin or sulfonamide ther- 
apy. Exacerbations in chronic glomerulonephritis are relatively un- 
_ common as compared to the high incidence of repeated attacks of 
rheumatic fever. Furthermore, exacerbations in chronic nephritis 
do not appear to increase the rate of progression of the disease in 
consists the majority of patients. 


2. AcuTE GLOMERULONEPHRITIS 


The patient with acute glomerulonephritis should be confined 


to bed. 

hri Nutrition.—Dietary, fluid and electrolyte intakes require care- 
ae of ful control. Protein and other foods of high potassium content such 
y have} 38 citrus fruits should be omitted until a day or so after the onset 
e inc. of diuresis, at the time when excess retention of potassium is no 
d sine: longer a hazard. Another reason for limiting protein intake is based 
irected | 0M experimental studies on_anti-kidney serum nephritisin_rats.. 
of | These studies (40) indicate that a.bigh protein intake increases the 


ogenic | incidence and severity of the renal lesion and produces a high mor- 
netite: | tality. Conversely, a low protein diet administered to other rats 
_ given the same anti-kidney serum resulted in a lower incidence of 


(00.000 _ disease which, when present, was relatively mild. Although there 
; isno particular reason to suggest that these results can be translated 


would 

nicillin | to man, the conservative approach based on currently available 
ularly knowledge is to restrict protein intake severely during the acute 
lomer- | Phase of glomerulonephritis. If anuria or significant oliguria is 


y affect | present, or if the patient has anorexia, nausea or vomiting, between 
nicillin | 300 and 400 Gm. of carbohydrate should be administered daily to 
ynable. | maintain nutrition and to prevent excessive metabolism of the is 
aplica- patient’s own tissues with the release of potassium. Such carbohy- is 
also in } drate is administered intravenously as a 20-50 per cent solution. aby 


hazard | To avoid blood volume expansion, the daily infusion should take 2 
ry, the | 24 hours. An indwelling polyethylene catheter in a large vein f 
ccusin | (preferably the femoral) is convenient for this purpose, but it i 


hronic | should not be allowed to remain in a given vein for more than four a 
; to be | days because of the danger of local thrombosis. 
ulone- Perhaps the most important dietary consideration is the restric- 


25 


as they 4 
f their | = 
|_| 


tion of sodium intake. The author believes that sodium intake 
should be limited to no more than 200 mg. per day, even in mildly 
ill patients. There seems to be little doubt that sodium intake can 
adversely affect the level of the blood pressure and also will lead 
to greater retention of body fluids. Fluids also should be sharply 
limited during the oliguric phase of acute nephritis, since continued 
intake in the presence of inability to excrete fluid will lead to con- 
gestion of the circulation with pulmonary edema, and may increase 
blood pressure and precipitate convulsions. Fluid intake during 
anuria or significant oliguria should be limited to no more than 
300-700 ml. daily, depending on the age of the patient. If vomiting 
has been severe, however, the physician should be alert to the 
possibility of dehydration. The hematocrit is a valuable guide in 
this problem. 


CIRCULATORY CONGESTION.—Digitalis is of little value in the 
treatment of circulatory congestion in nephritis except in the rare 
patient who also has organic heart disease and true congestive 
heart failure. But even this patient, if renal function is greatly im- 
paired, can be but little if any benefited by digitalis since he has 
no way to excrete the excess fluid and salt. Phlebotomy of 400-600 
ml. (proportionately smaller amounts in children) appears to be 
one of the most useful measures in this situation. Evaluation of the 
possible beneficial effects of phlebotomy may be obtained througha 
preliminary trial of “bloodless” phlebotomy. Blood pressure cuffs 
around three extremities are inflated to 15-25 mm. Hg below dis- 
tolic pressure. Careful observation is then made of blood pressure 
and symptoms. At present, diuretics are seldom used in the treat- 
ment of the edema of acute glomerulonephritis. 

HYPERTENSION AND CONVULSIONS.—Magnesium sulfate may 
be very useful in controlling excessive hypertension and in treating 
convulsions. Thirty to 60 ml. of 50 per cent magnesium sulfate by 
mouth or rectum may be given every four hours to patients who 
have severe headache and vomiting. However, once convulsions or 
coma develops, magnesium sulfate should be given by injection. 
To children, 0.2-0.4 Gm./kg. body weight is given by intramuscu- 
lar injection of a 25 per cent solution every four hours. The intra 
venous route, however, is to be preferred if at all feasible; 250 ml. 
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of a 2 per cent solution is given very slowly. This may be repeated 
in 12 hours if nitrogen retention is not present or is minimal. The 
dose should not be repeated if the patient has significant nitrogen 
retention since the plasma magnesium level will remain at high 
levels for days when renal function is impaired. During magnesium 
sulfate therapy the blood pressure must be followed closely to avoid 
excessive decreases, The intravenous injection of a barbiturate such 
as sodium Amytal frequently is a useful emergency measure in 
managing these patients. 

Although some of the antihypertensive drugs, such as Ansolysen, 
appear to have a logical place in the management of hypertensive 
crises in acute nephritis, such therapy must be used with great 
caution in the presence of significant renal damage. If the patient 
is ill enough to require therapy of this type, the intravenous route 
probably should be used. Frequent and careful medical control is 
mandatory if such drugs are used in acute glomerulonephritis, 
since they almost uniformly reduce urine output and may depress 
other renal functions, especially if blood pressure is too rapidly 
reduced. 


ELECTROLYTES.—Although common, most serum electrolyte ab- 
normalities in acute glomerulonephritis require no therapy. Hyper- 
chloremia is very common but seems quite innocuous. Serum so- 
dium level is also frequently decreased. The physician, however, 
should resist his natural inclination to treat this laboratory finding 
by the administration of sodium. The decreased concentration of 
sodium in the serum in these circumstances is the result of retention 
of water in excess of sodium or, more likely, of an internal redistri- 
bution of sodium. The important point to remember is that the 
patient with edema, no matter what the serum sodium level is, has 
a greater than normal amount of the ion in his system. 

Hyperkalemia is a serious threat when oliguria is severe and, 
when present, it requires the most vigorous therapy. Insulin and 
glucose can be given intravenously to control hyperkalemia 
promptly. Ordinarily, glucose is given as a 5 per cent solution. 
Twenty units of insulin is added for each 50 Gm. of glucose. Al- 
though the effects of this therapy are transient, they may be life- 
saving until excess potassium can be removed from the organism. 
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Repeated administration of a cation exchange resin designed tof 
remove potassium is perhaps the most readily available simple} n 
technique for achieving this purpose, even in areas where an arti- | te 
ficial kidney is available. Daily oral doses of 50 Gm. (20 Gm. in P 
children) of the ammonium carboxylic resin are adequate. The ’ si 
resin should be suspended in glucose in water and given in smal] | b 
doses every two hours. The oral route is sometimes not feasible} ) 
because of the frequent gastrointestinal upsets associated with) © 
renal failure. Retention enemas (10 per cent suspension of the 
resin in water) may be used, although this route yields much les 
uniform results. After two to three hours the resin is removed. | 
Retention enemas of the resin may be repeated until the plasma © 
potassium level is brought into a safe range. Oral resin therapy can | 
be instituted as a prophylactic measure. If hyperkalemia is already j 
present, it is important to realize that the exchange resins requir _ 
12-24 hours before serious hyperkalemia is controlled. Meanwhile | 
emergency measures, such as glucose and insulin, should be insti- : 
tuted. Although calcium does not affect the plasma potassium j 
level, it can control the cardiotoxic action of excess potassium. 
Such control, however, will persist only while calcium is being ad- 
ministered. A continuous intravenous infusion of calcium gluconate 
in glucose solution is the method of choice. Using a direct writing 
ECG machine as check, enough calcium is administered to eradi- 
cate the signs of hyperkalemia from the ECG. The rate of infusion 
is then adjusted so as to maintain the ECG as nearly as is possible. 
To avoid excess administration of fluid, the concentration of cal- 
cium in the infusion may need readjustment from time to time. 
Since the cardiotoxic effects of the hyperkalemia will reappear 
rapidly if the calcium infusion stops, the use of an indwelling poly- 
ethylene infusion catheter is wise. 

Hyperkalemia can be controlled by the artificial kidney, but this 
apparatus is available in only a few clinics, and even in these is 
not often used routinely in the management of acute renal failure. 
Indeed, if medical management has been applied intelligently, the 
artificial kidney rarely will be necessary. 

The anemia of acute glomerulonephritis requires no therapy 
since it is rarely severe and is partly the result of hemodilution 

Bep rEsT.—One of the most important and difficult decisions to 5 ck 
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make in the management of the patient with acute glomerulo- 
nephritis is when to allow the patient out of bed. As long as hyper- 
tension, edema and other signs and symptoms of acute nephritis 
persist, the patient should be kept in bed at as strict rest as is pos- 
sible. Bed rest should be continued as long as the patient seems to 
be improving and, at the very least, until several days after the 
hypertension and all evidence of edema have disappeared. The 
erythrocyte sedimentation rate, which is increased in most patients 
with acute nephritis, can be used as a possible reflection of the 
activity of the disease. If, as often is the case, the patient still has 
proteinuria after all other signs (excluding hematuria and im- 
paired concentrating ability) have disappeared, the attending 
physician has a difficult decision to make. He does not want to do 
anything that will jeopardize the eventual healing of the renal dis- 
ease. On the other hand, there comes a time when continued bed 
rest becomes impractical or impossible, even though proteinuria 
may still be decreasing. If, for one reason or another, it is necessary 
to allow the patient out of bed before proteinuria disappears, the 
effect of ambulation on proteinuria, hematuria, blood pressure and 
renal function should be carefully studied. If proteinuria (24 hour 
excretion, not concentration) should increase markedly or if any 
other adverse finding should develop, the patient should return to 
bed for another week or so. 


3. EXACERBATION 


The treatment of the exacerbation in chronic glomerulonephritis 
is the same as the initial acute attack, with the exception that it is 
not necessary to be as conservative in the matter of bed rest since 
the patient’s underlying chronic disease will not heal. Thus, as 
soon as the acute manifestations are over, the patient may be al- 
lowed to be up and return to normal activity. 


4. LATENT CHronic GLOMERULONEPHRITIS 


No therapy is necessary for the patient in th¢ lajent, phase of 
chronic glomerulonephritis. Diet and activity need nct he modified. 
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Indeed, even in advanced chronic glomerulonephritis, active ther. 
apy or modification of diet or of daily activities is unnecessary until 
symptoms develop. However, very worth while is periodic study of 
the patient for the earliest evidence of the nephrotic phase, hyper. 
tension, electrolyte abnormalities, anemia or rapidly progressive 
functional impairment. Many nephritic manifestations are easier 
to treat when incipient than after being allowed to become full. 
blown. 


5. NeEpHROTIC PHASE 


One of the most difficult aspects of glomerulonephritis is treat- 
ment of the nephrotic syndrome. The logical management is re. 
placement of the lost protein by intravenous administration of 
salt-poor, concentrated human serum albumin. However, such 
therapy can be of only transient benefit so long as the patient is 


excreting large amounts of protein in the urine. Such large amounts 
of serum albumin may be required to obtain effective results that 


its cost is prohibitive in the face of its temporary value. Substitutes | 


for serum albumin such as gelatin and Dextran have a similar dis. 
advantage. High protein diets are also disappointing. Acacia has 
been one of the most effective agents for the treatment of the ne. 
phrotic syndrome, Its use, however, has fallen into disrepute be- 
cause of reported hepatic toxicity. 

A trial of ACTH or cortisone therapy is probably warranted in 
most patients with the nephrotic syndrome. Sometimes these agents 
are quite effective, but the frequency of success is not great when 
the nephrotic syndrome is a manifestation of chronic glomerulo- 
nephritis in the adult. Either ACTH (75-100 mg. daily to adults, 
50 mg. daily to children) or cortisone (300 mg. daily to adults, 200 
mg. daily to children) may be used. The usual course is 10 days 
If the first course is unsuccessful, second and third attempts are 
sometimes successful. Recently, previously resistant cases have re- 
sponded to a combination of a course of ACTH or cortisone ther- 
apy and the administration of sufficient concentrated human salt- 
poor serum albumin to return the patient’s serum albumin level to 
or near normal. The ‘serum albumin administration generally i 
begun after, seVen to. 10-days of hormone therapy. During the in- 
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e ther-f tensive hormone therapy, sodium intake should be limited and sai. 
ry until} extra potassium administered to avoid hypokalemic alkalosis. Once ee 
tudy of § the nephrotic syndrome has responded, some workers now recom- 
hyper.’ mend that hormone therapy be continued for many months. This 
rressive | “maintenance” therapy is given on three consecutive days each 
> easier | week. When hormonal therapy fails, management is directed to- 
ne full.) ward rigorous salt restriction combined with diuretics. Although 
the effects of the latter are frequently disappointing, the author 
does not hesitate to use mercurial diuretics until it becomes clear, 
after three or four trials, that they are completely ineffective. If 
ammonium chloride is used in an attempt to potentiate the effect 
of mercurial diuretics, great care must be observed if more than 
s treat-| moderate renal functional impairment is present since such pa- 
it is re-| tients can easily be thrown into acidosis. Other diuretics such as 
tion of | aminophylline and the like may be tried, but generally are quite 
r, such} disappointing. Some success has been reported in the use of nitro- 
tient is| gen mustard, but the results do not appear to be impressive. 
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6. TERMINAL GLOMERULONEPHRITIS 


Anemia of advanced chronic glomerulonephritis may become 
severe and be one of the most important contributors to the pa- 
tient’s weakness, dyspnea and other symptoms. Hence, anemia 
_ | warrants careful study and treatment. Replacement of red blood 
nted it } cells is often of considerable benefit, but repeated transfusions are 
> agents required since the bone marrow of these patients appears to be 
it when } unable to form sufficient new cells. However, patients can be kept 
nerulo- | in relative comfort and able to work by judicious use of transfu- 
adults, § sions, Needless to say, great care must be observed when trans- 
Its, 200 | fusions are given to patients with chronic glomerulonephritis who 
0 days | exhibit uremia, hypertension and perhaps some degree of conges- 
pts are / tive heart failure. Under these conditions, washed red blood cells 
lave le | are preferable to whole blood. They should be administered very 
ae ther- slowly, with frequent checks on the venous pressure and of the 
an salt: lung bases for rales. Recently, oral administration of cobalt chloride 
level to | (50-100 mg. daily at meal times, given in 20 mg. enteric-coated 
erally 8) tablets) has been recommended for the anemia of chronic uremia. + oe 
‘the im} This therapy may take several months to achieve the desired effect a 


31 


= 


but, if effective, may be continued indefinitely and may perhaps 
obviate the necessity of blood transfusions. Gastrointestinal side. 
effects, however, frequently preclude the use of this agent. 

CONGESTIVE HEART FAILURE.—This may be treated with digi. 
talis and the other routine procedures. The response of congestive 
heart failure in chronic renal disease, however, is generally dis 
appointing. 

ELECTROLYTE ABNORMALITIES, some of which may be treated 
successfully, are very common in advanced chronic glomerulone. 
phritis. Serum and urine electrolytes should therefore be measured 
in all cases. As discussed earlier, either hyper- or hypokalemia may 
develop in chronic nephritis. If hypokalemia requires replacement 
therapy, it should be given with caution and with frequent observa. 


tions of the plasma potassium level and ECG. If potassium mus! 


be given intravenously, the concentration of potassium in the infu. 


sion fluid should not exceed 30 mEq./liter, and should be adminis. 


tered very slowly. Careful evaluation should be made each day to 
determine if further therapy is necessary, in order to avoid the 


hazards of overtreatment. Since retention of anions is common in! 


advanced renal failure, the citrate or acetate salts rather than the 


chloride form of potassium may be used. Hyperkalemia may bk} 


treated as outlined for management of acute glomerulonephritis 
Usually its treatment is unrewarding in chronic renal disease, but 
at least moderate restriction of protein (0.5 Gm./kg.) and of potas 
sium-containing foods should be practiced when renal failure is 
severe. 


RENAL DISTURBANCES.—Both decreased concentrating ability 


and vomiting may contribute to dehydration which may respond to | 


salt administration. Inability of the kidneys to conserve base may 
lead to hyponatremia, which also may be corrected by salt admin- 


istration if edema and congestive heart failure are not present. If | 


hyponatremia is observed in the presence of the edema of the ne 


phrotic syndrome or congestive heart failure, it is probably due to | 
internal redistribution of sodium, and replacement therapy is rarely | 


effective and often hazardous. Calcium loss, hypocalcemia and 
osteomalacia may also result from inability of the kidneys to con 
serve base. Tetany may not be evident despite hypocalcemia when 
acidosis is also present. In any case, calcium administration (10-15 
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ml. of 10 per cent calcium gluconate intravenously) may be 
beneficial. 

Administration of alkaline salts such as 4M sodium lactate by 
infusion or sodium bicarbonate by mouth may be used to combat 
the acidosis of chronic renal failure. Such therapy must be used 
with careful control of urine pH, however, since damaged kidneys 
are unable to handle excess loads of alkali as well as acid. Further- 
more, if hypocalcemia is present, the development of alkalosis may 
precipitate overt tetany. Finally, sodium administration carries the 
hazard of fluid retention. 

Retention of anions as well as loss of base contributes to the 
acidosis of advanced chronic glomerulonephritis. An alkaline ash 
diet may slow the development of anion retention. Absorption of 
inorganic phosphates from the intestinal tract may be reduced by 
30 ml. of aluminum hydroxide gel three times daily. The plasma 
inorganic phosphate level will be decreased. However, this may be 
undesirable since serum calcium also may be reduced and deposi- 
tion of calcium in bones already deficient in calcium will be further 
impeded. 
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